A frail 79-year-old lady with dementia presented with a 2-year history of frequent falls. Recurrent hypoglycaemic episodes were diagnosed and treated with continuous glucose infusion in multiple hospital admissions. Hypoadrenalism and hypothyroidism were ruled out. Whilst hypoglycaemic (blood glucose 1.6 mmol/L), both plasma C-peptide and proinsulin concentrations, were inappropriately elevated at 4210 pmol/L (174-960) and >200 pmol/L (0-7) respectively with plasma insulin suppressed at 12 pmol/L (0-180). Whilst reported cases of proinsulinoma are typically pancreatic in origin, radiological investigations of the pancreas in this patient did not identify abnormalities. Unexpectedly contrast CT identified a heterogeneously enhancing mass (6.6 cm) at the lower pole of the left kidney consistent with renal cell carcinoma. Non-islet cell tumour-induced hypoglycaemia has been associated with renal malignancy; however, a serum IGF2:IGF1 ratio measured at <10 effectively excludes this diagnosis. Concomitantly on the CT, extensive peripherally enhancing heterogeneous mass lesions in the liver were identified, the largest measuring 12 cm. A palliative approach was taken due to multiple comorbidities. On post-mortem, the kidney lesion was confirmed as clear cell renal carcinoma, whilst the liver lesions were identified as proinsulin-secreting neuroendocrine tumours. In conclusion, the diagnosis of proinsulinoma can be missed if plasma proinsulin concentration is not measured at the time of hypoglycaemia. In this case, the plasma insulin:C-peptide ratio was too high to be accounted for by the faster relative clearance of insulin and was due to proinsulin cross-reactivity in the C-peptide assay. In addition, the concomitant malignancy proved to be a challenging red herring.
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Learning points:
• Even in non-diabetics, hypoglycaemia needs to be excluded in a setting of frequent falls. Insulin-or proinsulinsecreting tumours are potentially curable causes.
• Whilst investigating spontaneous hypoglycaemia, if plasma insulin concentration is appropriate for the hypoglycaemia, it is prudent to check proinsulin concentrations during the hypoglycaemic episode.
• Proinsulin cross-reacts variably with C-peptide and insulin assays; the effect is method dependent. In this case, the discrepancy between the insulin and C-peptide concentrations was too great to be accounted for by the faster relative clearance of insulin, raising the suspicion of assay interference. The C-peptide assay in question (Diasorin liaison) has been shown to be 100% cross reactive with proinsulin based on spiking studies with a proinsulin reference preparation.
• Whilst reported cases of proinsulinoma and 99% of insulinomas are of pancreatic origin, conventional imaging studies (CT, MRI or ultrasound) fail to detect neuroendocrine tumours <1 cm in 50% of cases.
• The concomitant renal mass identified radiologically proved to be a red herring.
• In view of the rarity of proinsulinoma, no conclusive association with renal cell carcinoma can be established.
Background
Proinsulin-secreting neuroendocrine tumours are rarer and less well characterised than the more commonly identified insulinoma. A recent review reported proinsulinoma has a 2:1 female preponderance with mean age of diagnosis at 56 years (1). As to be expected, this lesion is typically found in the body and tail of the pancreas, which supports the diagnosis (1, 2, 3), similar to insulinoma where 99% are pancreatic in origin (4) . Localisation is challenging as conventional imaging modalities such as CT and MRI frequently miss small tumours (4) . In addition, concomitant malignancy or extra-pancreatic lesions identified during localisation imaging may confound the diagnosis. We present a case report demonstrating this diagnostic challenge.
Case presentation
A frail 79-year-old lady with dementia presented with a 2-year history of frequent falls. These falls were not associated with loss of consciousness but preceded by dizzy spells. Due to a concomitant headache, neurological assessment attributed these episodes to migraine. She sustained a fractured right distal radius in February 2017 during one of the falls. She was found to be confused by the ambulance crew and her capillary blood glucose was noted to be 1.7 mmol/L. This was treated with bolus intravenous dextrose solution, which was then administered as continuous infusion during her inpatient stay due to recurrent hypoglycaemia. She was treated for lower respiratory tract infection, which was thought to be the trigger for the hypoglycaemia given that the patient was not diabetic. She was discharged with advice for regular meals. She was readmitted with severe symptomatic hypoglycaemia the following day with a capillary blood glucose of 2.1 mmol/L, which required an intravenous bolus of dextrose. Again, this was attributed to concurrent illness and general frailty despite the recurrent nature of the hypoglycaemia during her inpatient stay, and she was discharged.
A further admission the following day due to hypoglycaemia (capillary blood glucose, 1.7 mmol/L) associated with loss of consciousness led to a series of investigations.
Despite dementia, a limited history obtained did not identify increased appetite. However, the patient had gained weight (50.1 kg in 2012 to 61.2 kg in 2017). Iatrogenic causes for her hypoglycaemia were thought unlikely as the patient had no access to insulin or oral hypoglycaemic agents and the patient lived in a nursing home. The patient had a 20 pack-year of smoking history but had not smoked for 20 years. There was no known family history of endocrine disease.
During her latest admission, she was haemodynamically stable despite the recurrent hypoglycaemia. She did not manifest any signs of sepsis or infection and abdominal examination did not reveal any obvious masses. Table 1 summarised a series of investigations carried out. Hypoadrenalism and hypothyroidism were excluded, and the anterior pituitary profile was unremarkable.
Investigations
During the hypoglycaemic episodes, insulin profile (Table 2 ) revealed an inappropriate elevation of plasma C-peptide and proinsulin; however, plasma insulin was not increased. The discrepant insulin and C-peptide ratio was due to the known cross-reactivity of the laboratory's C-peptide assay with proinsulin (Diasorin liaison). This assay has ~100% cross-reactivity with proinsulin based on spiking studies with proinsulin reference material (Two previously analysed C-peptide samples were spiked with proinsulin international reference preparation IRR 09/296 such that the theoretical spiked proinsulin was approximately 40 pmol/L.) Upon re-analysis of C-peptide in the samples post spike, the samples over-recovered 40 and 32 pmol/L of C-peptide compared to the original result (Supplementary report).
The biochemical profile was consistent with a proinsulin-secreting tumour. However, subsequent contrast CT of the abdomen and pelvis did not identify any pancreatic lesions (Fig. 1 ). Unexpectedly, a heterogeneously enhancing mass (6.6 cm) arising from the lower pole of the left kidney consistent with renal cell carcinoma was detected. Concomitantly, there were extensive peripherally enhancing heterogeneous mass lesions in the liver, the largest measuring 12 cm. In view of the renal lesion, non-islet cell tumourinduced hypoglycaemia (NICTH) was suspected as this has been reported in cases of renal malignancies (5, 6) . However, the IGF2:IGF1 ratio was measured at <10 (Table 2) , which excludes this diagnosis (Assay provided by Guildford Royal Surrey County Hospital Peptide Hormone Laboratory (Supra-regional Assay Service accessible at http://www.sas-centre.org/assays/hormones/ insulin-like-growth-factor-ii-igf-ii).
Treatment
The hypoglycaemia episodes in this patient were difficult to treat. Regular intravenous hydrocortisone, titrating dose of diazoxide, intermittent glucagon and eventually subcutaneous octreotide were all tried and did not maintain euglycaemia, which required continuous intravenous dextrose infusion. Any attempt to discontinue the dextrose infusion immediately led to severe hypoglycaemia.
In view of multiple comorbidities and frailty, the patient was deemed to be an unsuitable candidate for surgical treatment, either for the renal cell carcinoma or a neuroendocrine tumour. The multiple liver lesions suggested metastatic disease associated with poor prognosis. After joint discussion between the patient, family members, palliative care team and the attending endocrinologists, a palliative approach was taken. With the knowledge that localisation of the insulin or proinsulin-secreting tumour will not meaningfully alter the treatment outcome, more invasive imaging such as endoscopic ultrasound (EUS) or selective intraarterial calcium stimulation with digital subtraction angiography (DSA) were not justified. Dextrose infusions were discontinued, and patient died without obvious distress.
Outcome and follow-up
A post-mortem examination reported that the external surface of the pancreas was normal, and there are no palpable masses within. There was no mesenteric or retroperitoneal lymphadenopathy.
A friable tumour measuring of up to 60 mm with a large area of necrosis was identified at the lower pole of the left kidney. The microscopic findings of this lesion showed malignant cells with marked nuclear pleomorphism, widespread necrosis and focal invasion into blood vessels within the hilum. The immunological staining (Fig. 2) confirmed clear cell renal carcinoma with strong cytoplasmic staining for RCC, whilst insulin, chromogranin A and synaptophysin relevant for neuroendocrine tumour were negative.
The liver showed several tumours, the largest in the right lobe measured up to 110 mm with large areas of necrosis. The background liver was grossly normal. Microscopically, sections from the liver tumour showed infiltration of the parenchyma by centrally necrotic islands, and sheets of polygonal cells with striking nuclear pleomorphism and atypical mitotic figures. Tumour cells from the liver metastasis showed focal strong insulin immunoreactivity (Fig. 3) , as well as widespread CD56, synaptophysin and chromogranin A staining, whilst negative for RCC. The morphology and immunoprofile of the liver tumours were most in keeping with metastases from a poorly differentiated proinsulin-secreting neuroendocrine tumour that was unlikely to be related to the renal cell carcinoma.
Discussion
This patient presented a 2-year history of frequent falls before her final admission. It was not clear if these falls preceded by dizziness were related to milder hypoglycaemic events in the past. Hypoglycaemia was documented in February 2017, which required three admissions within the same month. Her hypoglycaemia was initially attributed to lower respiratory infection despite the recurrent nature. An insulin profile taken earlier during admission would have expedited the final diagnosis. However, it was understandably difficult to strike a balance between provision of meaningful treatment whilst avoiding over-investigation in a 79-yearold lady with established dementia. Her subsequent admissions with recurrent refractory hypoglycaemia prompted further investigation. This case report highlights the importance of considering hypoglycaemia in a setting of frequent falls in the elderly. With hindsight, if an association between her falls and hypoglycaemia had been made earlier, the patient may have benefited potentially curative treatment for proinsulinoma before developing extensive liver metastasis. Proinsulinoma is exceedingly rare, and hence, it is not as well described as its more commonly known counterpart, insulinoma. A systemic review of 16 proinsulinoma cases reported a 2:1 female preponderance with mean age of diagnosis at 56 years (1) . The majority of these cases presented with symptomatic hypoglycaemia with normal or low insulin levels. The systemic review reported median tumour size of 1.2 cm and normalisation of hormonal levels post resection without recurrence. As to be expected, the lesion is usually identified in the body or tail of the pancreas, which supports the diagnosis (1, 2, 3 ), similar to insulinoma where 99% are pancreatic (4). Therefore, if insulin concentrations are found to be appropriate whilst investigating spontaneous hypoglycaemia (glucose <3 mmol/L) (7), it is prudent to measure plasma proinsulin as the diagnosis of a proinsulinsecreting neuroendocrine tumour can be missed.
The prohormone proinsulin consists of 86 amino acids including the insulin A and B chains linked by C-peptide. Following cleavage of proinsulin, intact C-peptide and insulin are secreted in equimolar amounts (8) . Proinsulin is not removed by liver, it has a half-life three to four times that of insulin, therefore, proinsulin can accumulate in the blood and account for 12-20% of the circulating immunoreactive insulin in the basal state. Human proinsulin has about 7-8% of the biological activity of insulin and is mainly degraded by kidney (9) . Despite the equimolar secretion of insulin and C-peptide, insulin has a relatively faster clearance compared to C-peptide. Proinsulin often cross-reacts variably with C-peptide and insulin assays depending on the immunoassays adopted by local laboratory.
In this case, the discrepancy between the insulin and C-peptide concentrations was too great to be accounted for by the faster clearance of insulin, raising the suspicion of assay interference. The Diasorin liaison C-peptide assay used here has been shown to be 100% cross reactive with proinsulin, based on spiking studies with a proinsulin reference preparation (Supplementary report); this is reflected in the manufacturer's instructions for use. Insulin assays also have the potential for variable cross-reactivity with proinsulin so the importance of familiarity with local assays cannot be overemphasised as neoplastic production of peptide hormones may generate unusual isoforms or poorly processed peptide fragments, which have the potential to confound immunoassay methods. Unfortunately, material was not available to compare results from alternate assays with different crossreactivities or to use definitive methods such as tandem mass-spectrometry.
UK and Ireland Neuroendocrine Tumour Society guidelines suggested that for localising the primary pancreatic neuroendocrine tumour a multimodality approach is best, including CT, MRI and EUS, often together with somatostatin receptor scintigraphy (SSRS) and in some centres, selective intraarterial calcium stimulation with DSA (10). This patient only underwent contrast CT and was too frail to proceed with other modalities for localisation. Whilst reported cases of proinsulinoma and 99% of insulinoma are pancreatic in origin, conventional imaging studies (CT, MRI or ultrasound) fail to detect neuroendocrine tumours <1 cm in 50% of cases (4) . Despite unremarkable pancreas in contrast CT examination in this patient, the multiple liver lesions were confirmed to be proinsulin-secreting neuroendocrine tumours, raising the possibility of these were metastatic lesions from a small volume primary in pancreas not evident on CT. Ideally, EUS or selective intraarterial calcium stimulation with DSA would have been helpful in localisation after CT. EUS reported sensitivity of 79-100%, with the advantage to allow tissue sampling and assessment of local invasion of the tumour to decide on surgical approach (enucleation or Whipple's procedure). Interestingly, SSRS only reported sensitivity of 50-60% in detection of insulinomas, as opposed to 75% sensitivity in detection of other types of pancreatic neuroendocrine tumours (10) .
In addition to the challenges caused by the C-peptide assay interference, and investigative limitations due to patient's frailty, the detection of the unexpected renal mass and the known association of NICTH with renal malignancy along with the relatively low plasma insulin raised suspicion of NICTH as a possible diagnosis (5, 6) . The commonest cause of NICTH is the overproduction and IGF2. The IGFs are structurally similar to proinsulin and mimic the biochemical effects of insulin upon isolated tissues in vitro, and hence, suppression of insulin, glucagon and growth hormone secretion were observed. Although fibromas and fibrosarcoma are best known causes of NICTH, no histological type of tumour can be excluded from causing NICTH due to lack of large studies (11) . Disproportionately high IGF2:IGF1 ratios are suggested as a pathognomonic feature of NICTH (12) . In this lady, the IGF2:IG1 ratio <10 sampled during hypoglycaemia ruled out NICTH. In view of the rarity proinsulinoma, no conclusive association with renal cell carcinoma can be established.
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